2 coniosis or more). Their age structure is as follows: 15 aged 25-34; 342 aged 35-44; 2779 aged 45-54; 4732 aged 55-64 ; 20 aged 65+. The considerable number of men with pneumoconiosis who are no longer working in coalmining is obvious.
The number of diagnoses for compensation purposes (Department of Energy 1974) has fallen over the years (Fig 1) , suggesting that dust exposure has been substantially reduced from that of twenty or more years ago. Nevertheless, some 500 miners and ex-miners are still being certified each year. Clearly the problem has not yet dwindled to insignificant proportions.
In consequence there are a number of questions which the industry must ask: (1) What is the relationship between dust exposure and the development of pneumoconiosis, and what dust conditions should be maintained in the industry?
(2) What is the significance, in terms of morbidi,ty and mortality, of the pneumoconiosis which is still appearing? (3) Are there any factors in the mining environment, other than 'respirable' dust, which may cause impairment of respiratory function, and, if so, what is their relative significance?
The first of these questions has in the main been answered by the Board's pneumoconiosis field research (Jacobsen et al. 1970) . It is the second that will principally concern us here, but the third and related question must be posed. Attention has been concentrated on the relationship between the radiographic appearance of pneumoconiosis and pulmonary function. There is a need to look more widely at pulmonary function in coal-miners as a whole and all the environmental conditions which might affect it. There can be few physicians with a special interest in thoracic or occupational medicine who are unaware of the controversy surrounding pneumoconiosis. Expert opinion is sharply divided, and there has been considerable correspondence on the subject in the medical and lay press. It is becoming increasihgly clear that much of the difficulty lies in the lack, until fairly recently, of adequate epidemiological evidence. However, the Medical Service of the National Coal Board has been gathering the necessary information from a survey started some twenty years ago (Fay & Rae 1959) . This epidemiological investigation, which initially included 32 000 men, is still in progress. It is the purpose of this paper to comment on the results available at present.
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The first step is to consider the meaning of the term 'disability'. Physicians in clinical charge of patients with chronic respiratory diseases will have no problem in appreciating the effect of breathlessness on a man's ability to work. Respiratory function tests are not generally required to prove the point. However, most miners with pneumoconiosis do not present this clinical picture. Those with simple pneumoconiosis are generally able to continue working at the coal-face. Moreover, it seems likely that there is no significant excess mortality associated with simple pneumoconiosis (Cochrane 1973) . Increasingly, it appears that simple pneumoconiosis of coal-workers is much more benign than may have been thought some thirty years ago. While this more cheerful outlook should be welcomed, particularly by those who have the disease, there is no doubt that complicated pneumoconiosis can be severely disabling. No relaxation of preventive measures can therefore be countenanced.
The real crux of the problem is in deciding whether a man with simple pneumoconiosis has any measurable disability at all. Respiratory function tests in the individual man can be remarkably unhelpful in this situation. If a miner has an FEV1 of (say) 3000 ml it is clear that he is not disabled in the sense of being unable to work. Comparison with 'normal' values may show that he may be within one standard deviation of the whole population. In this sense he is not disabled and has a 'normal' FEV1. If, however, it could be proven that his FEV1 would probably have been 3300 had he not been a miner then, to that extent, his occupation has affected his health. There seems to be no better word to describe this loss of function than 'disability'. If the disability is not great, so much the better for the man concerned. Have we evidence that excessive dust exposure is associated with measurable disability of this type? A purely clinical enquiry is of little value. The problems of case selection and the effects of cigarette smoking or urban air pollution make it virtually impossible to determine the results of occupational exposure.
The epidemiological survey carried out by the National Coal Board has been in progress for Table 1 Mean FEV1 for men aged 50-54 years, by dust exposure and smoking habits. (From Rogan et al. 1973 over twenty years. During this time miners working at selected collieries throughout the country have been examined regularly by means of chest radiographs, tests of ventilatory function and a shortened form of the MRC questionnaire on respiratory symptoms (Ashford et al. 1968 ). At the same time dust conditions underground have been monitored so that estimates of each man's exposure can be obtained. A multiple regression analysis of the data permits the following conclusions to be made (Rogan et al. 1973 ):
(1) There is a progressive reduction in FEV1 with increasing cumulative exposure to airborne dust.
(2) Among men with simple pneumoconiosis there is no evidence of a further reduction in FEV1 in excess of that attributable to their dust exposure, smoking habits, age and physique.
The amount of reduction in ventilatory capacity depends on the age of the men concerned. Full details are given in the original publication. As an illustration of the effect the results for men aged between 50 and 54 are shown in Table 1 .
For men generally throughout the industry detailed information about previous dust exposure is not available. On a research basis this can be obtained but it is impracticable on a national basis. However, the radiograph itself serves as an indirect measure. The results indicate that, on average, men with radiological evidence of simple pneumoconiosis have been exposed to higher dust levels than men of equal age whose radiographs are normal. Furthermore, they indicate that this dust exposure is likely to have caused some impairment of ventilatory capacity. The presence of simple pneumoconiosis, diagnosed by a chest radiograph, therefore appears to be prima facie evidence of some respiratory disability.
The results have important implications and help to explain some of the difficulties encountered in the past. For example, it has been known for many years that there is surprisingly little difference between the ventilatory capacities of men with simple pneumoconiosis and those of miners whose radiographs are normal (Rogan et al. 1961) . It is now apparent that the latter group probably includes men who have had sufficient dust exposure to cause a diminution in lung function but who did not develop lesions visible on a chest X-ray. Both groups thus contain men who have been affected by the mining environment, and any difference between them is minimized. The results also emphasize the crucial importance for research purposes of measuring an individual miner's dust exposure. Length of underground employment and occupational group constitute inadequate substitutes. Surface workers in particular are often men who have been judged unfit to work at the coal-face and their respiratory function cannot be compared to that of the underground men.
The surveys thus show that a man with simple pneumoconiosis has, on average, suffered some diminution of ventilatory capacity. Whether or not such a deficit should be compensated in financial terms is not a question that a research investigator can, or should, answer. It appears to be of the same order as that associated with moderate cigarette smoking. The relative contribution of cigarette smoke or of the mine environment to disability throughout the industry or in an individual man is difficult to quantify. The disabled miner and his family find this difficult to accept and it is the cause of much bitterness in mining areas.
Cigarette smoke and the mine environment, whether due to excessive dust or fumes, both affect the lungs. In each case medical treatment has little to offer. The only way of controlling diseases caused in this way is by means of adequate preventive measures. This emphasizes the essentially practical nature of the coal industry survey. When started in 1953 its objectives were to establish the relationship between environmental conditions in the coal mines, particularly dust, and occupational pulmonary disease, so that standards for safe levels of dust could be derived. It is likely to be some years yet before the whole picture is understood. Present research is concentrating on the effects of the dust composition and of other environmental factors such as nitrous fumes. Epidemiologists are professionally interested in populationstheir description and definitions. Good epidemiologists are fussy about populations and this is my main theme in this paper. I might add that the 'hotter' a subject the greater the need to be fussy.
I was very lucky, not only in being educated by Bradford Hill, but in being subjected to the criticism of my colleagues on the scientific staff of the Pneumoconiosis Unit (PU). As a result of these influences two important decisions were were taken when PU set out in the very early 1950s to test the hypothesis that miners and exminers with simple pneumoconiosis ('round opacities') had more pulmonary disability and higher mortality than those with Category '0'. The MRC scientists when they started made two important decisions: (1) To include exminers in all the samples. A man with simple pneumoconiosis does not cease to have it when he becomes an ex-miner and we do not know exactly how ex-miners are selected. We therefore decided to use random samples of mining communities to include both miners and exminers. (2) We decided, partly because of the first decision, to make all comparisons between the characteristics of miners and ex-miners with Category 0 and those with Categories 1, 2 and 3, 'within-area comparisons', i.e. we were fussy about comparing 'like with like'. This was rendered desirable originally by the regional variations in the United Kingdom in male mortality rates. Later it was made essential when we discovered differences in mean FEVs between random samples of males aged 55-64 in different communities in the UK.
These two pointsthe inclusion of ex-miners and the limitation to 'within-area' comparisonsare, I believe, very important.
Mortality
As regards mortality, which is of course the more important and more objective index, the main evidence comes from the follow up of miners and ex-miners X-rayed in the Rhondda Fach in 1950-51. The most recent results are from the 20-year follow up (Cochrane 1973) . With an original 98 % coverage and a 99 % follow up there is little scope for error. Fig 1 shows the survival rate by age and X-ray category, which gives no suggestion of any consistent higher survival rate among those in Category 0. If we examine the Standard Mortality Ratios (SMR) we will see that the trend is, if anything, contrary to that postulated by the original hypothesis (Table 1) . Table I Twenty-year follow up of miners and ex-miners in the Rhondda Fach. Standardized mortality ratios (SMR) for those aged 25-64 (excluding industrial accidents) 
